Four novel bacterial strains belonging to the genus Kurthia were isolated from the surface of a weevil of the family Curculionidae (strain 10y-14 T ), and from bark samples of hybrid poplar, Populus6euramericana (strains 6-3, 2-5 and 06C10-3-14), in Puyang, Henan Province, China. Phylogenetic analyses of the 16S rRNA gene and multilocus sequence analysis (MLSA) data showed that the four strains form a distinct cluster in the genus Kurthia, indicating that they all belong to a single taxon within the genus. DNA-DNA hybridization levels between strain 10y-4 T and Kurthia huakuii LAM0618 T and Kurthia massiliensis DSM 24639 T were 58.31 and 53.92 %, respectively. This indicates that the four novel strains represent a species distinct from these two closely related species. The DNA G+C content of the novel strains was 42.1-42.6 %. The major fatty acids were iso-C 15 : 0 and anteiso-C 15 : 0 .The major polar lipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid and unidentified aminophospholipids. The predominant menaquinones were MK-7 (90 %) and MK-6 (10 %). The major cell-wall amino acids were lysine, alanine, glutamic acid and glycine. On the basis of the MLSA and 16S rRNA gene sequence phylogenetic analyses, DNA-DNA reassociation values, DNA base composition, and biochemical and phenotypic characteristics, the four strains are considered to represent a novel species within the genus Kurthia, for which the name Kurthia populi sp. nov. is proposed. The type strain is 10y-14 T
The genus Kurthia, belonging in the family Planococcaceae, comprises five recognized species at the time of writing, and was initially described by Trevisan (1885) in honour of H. Kurth, who characterized the first species, then named Bacterium zopfii (Kurth, 1883) . The name Kurthia first appeared in the seventh edition of Bergey's Manual of Determinative Bacteriology (Breed et al., 1957) . The five recognized species of the genus are Kurthia zopfii, Kurthia gibsonii, Kurthia sibirica, Kurthia massiliensis and Kurthia huakuii (Shaw & Keddie, 1983; Belikova et al., 1986; Roux et al., 2012; Ruan et al., 2014) .
Here we describe and investigate the taxonomy of a novel species of the genus Kurthia, based on four strains, designated 10y-14 T , 6-3, 2-5 and 06C10-3-14. The four strains were isolated on nutrient agar (NA; Difco) medium by standard dilution plating techniques from samples collected from Puyang, Henan Province, China (358 539 N 1158 059 E). We used data from a polyphasic taxonomic study, consisting of 16S rRNA gene sequence and multilocus sequence analysis (MLSA) data (housekeeping gene sequences) and phylogenetic inference, DNA-DNA hybridization, and various biochemical tests including cellular fatty acid and polar lipid analyses.
Strain 10y-14
T was isolated from the surface of a weevil of the family Curculionidae, and strains 6-3, 2-5 and 06C10-3-14 were isolated from canker symptomatic bark on a hybrid poplar, Populus6euramericana. All strains were preserved at 280 8C in trypticase soy broth (TSB; Difco) containing 15 % glycerol. The reference type strains used in the study were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH and Agricultural Culture Collection of China.
Colony morphology of strains 10y-14 T , 6-3, 2-5 and 06C10-3-14 was determined after growth on trypticase soy agar (TSA; Difco) medium at 30 8C. Cell morphology was observed using a Nikon HFX microscope. Motility was examined by observing cells developed on wet mounts using a phase-contrast microscope (TMS-F; Nikon) and the presence of flagella was determined using a silver quest staining method (West et al., 1977) .
The Gram reaction was confirmed as described by Moaledj (1986) , and observed using light microscopy. Growth in the absence of oxygen was tested on TSA in an anaerobic chamber (CO 2 /H 2 /N 2 , 10 : 10 : 80; Sheldon Manufacturing) at 30 8C for 1 week (Li et al. 2014) . Growth was tested in TSB at various temperatures (4, 10, 20, 25, 30, 37, 45 and 55 8C) , NaCl concentrations (0, 1, 2, 3, 4, 5 and 8 %, w/v) and pH values (pH 3-13, in increments of 1 pH unit). Vitamins (inositol, ascorbic acid and adenine phosphate) were used to determine the necessity of growth factors as described by Lányí (1987) . Tests on various substrates as sole carbon and energy sources were performed at a concentration of 0.1 % (w/v), as described by Shirling & Gottlieb (1966) . Other biochemical characterizations were accomplished using the API ZYM (bioMérieux) system and Biolog GP2 plates (Biolog), according to the manufacturers' instructions.
Cells of the novel strains were Gram-reaction-positive, facultatively aerobic, short-rod-shaped, motile and peritrichous (Fig. S1 ). Colonies were milky white, opaque, circular and convex, with a ragged edge, approximately 1-1.5 mm in diameter after 48 h of growth at 30 8C. Vitamins were not essential for growth of the novel strains.
The novel strains were all oxidase-negative and catalasepositive. Phenotypic characteristics of the four novel strains and closely related species are shown in Table 1 .
Cultures for fatty acid analyses were grown on TSA medium at 30 8C for 24 h. Fatty acid methyl esters were then prepared, separated and identified according to the standard protocol of the Sherlock Microbial Identification System (Sherlock version 6.0; MIDI) (Sasser, 1990) . Polar lipids were determined from 100 mg of freeze-dried cell material using two-dimensional TLC with molybdatophosphoric acid as spraying reagent, as described by Minnikin et al. (1984) . Respiratory quinones were examined as described by Tindall (1989) using HPLC. The amino acid composition of cell-wall peptidoglycans was determined using TLC after hydrolysis with 6 M HCl at 100 8C for 18 h as described by Komagata & Suzuki (1987) .
The novel strains contained a high content of iso-C 15 : 0 (48.7 %), anteiso-C 15 : 0 (24.1 %) and iso-C 14 : 0 (9.7 %), as well as the minor fatty acids iso-C 16 : 0 (4.1 %), iso-C 17 : 0 (2.5 %) and anteiso-C 17 : 0 (2.2 %). The profile of major fatty acids was similar to those of other species in the genus Kurthia (Table S2 ). The polar lipid profile of strain 10y-4 T contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), an unknown phospholipid (PL) as well as two unidentified aminophospholipids (APL1 and APL2) (Fig. S2) . The predominant menaquinones were MK-7 (90 %) and MK-6 (10 %). The major cell-wall amino acids of strain 10y-14 T were lysine, alanine, glutamic acid and glycine.
For 16S rRNA gene sequence analysis, the 16S rRNA gene of the novel strains was amplified by PCR with the universal bacterial primers 27f /1492r, as described by Weisburg et al. (1991) . Purified PCR products about 1.4 kb long were sequenced using primers 27f /1492r on an ABI 3730XL automated sequencer (Applied Biosystems). 16S rRNA gene sequences were screened using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) , and multiple sequence alignments were prepared with CLUSTAL W (Thompson et al., 1994) . Phylogenetic trees were inferred using the maximum-likelihood (ML) methods in MEGA 5.1 (Tamura et al., 2011) . The model test for the ML analysis was carried out via the MEGA 5 software, and Kimura's two-parameter model (Gamma distributed with Invariant sites, K2+G + I) and nearestneighbour interchange was used for tree reconstruction. Node confidence was estimated by bootstrap analyses based on 1000 resamplings. T , respectively. The four novel strains showed 16S rRNA gene sequence similarities of 97.40-97.8 % with 'Kurthia senegalense' JC8E. In the ML tree based on 16S rRNA gene sequences (Fig. 1) , the novel strains formed a distinct clade with K. huakuii LAM0618 T within the genus Kurthia.
MLSA, based on partial sequences of the housekeeping genes gyrB, rpoB, infB and atpD, was used to estimate the phylogenetic relationship among species of the genus Kurthia and related bacteria. Nucleotide sequence alignment and analysis was identical to the method used for the 16S rRNA gene sequence analysis except the model used was GTR+G (General Time Reversible model+Gamma Distributed). Primers for amplification and sequencing were designed using the Premier Primer 5.0 software (Ren et al., 2004) based on sequence alignments of strains representative of multiple species. The primer sequences used for amplification and sequencing of all four housekeeping genes are listed in Table S3 . PCR was performed on the four novel strains and the type strains of the five recognized species of the genus Kurthia using each set of amplification primers. Each 25 ml PCR consisted of 0.25 mM of each primer, 0.2 mM of each dNTP, 1.5 mM MgCl 2 , 2.5 ml Taq buffer, 1 U Taq DNA polymerase (Takara Shuzo) and 1 ml template DNA. Amplification conditions were as follows: denaturation at 95 8C for 4 min, 34 cycles of denaturation at 95 8C for 1 min, annealing at 50-55 8C for 45 s and elongation at 72 8C for 75 s, and a further 7 min of elongation at 72 8C. The specific annealing temperatures for the sequencing primers of all four genes are listed in Table S3 . Sequence analyses and phylogenetic tree estimations were performed as described for the 16S rRNA gene.
MLSA revealed a high degree of sequence similarity between the four novel isolates for all four housekeeping genes. The four novel strains shared 99.7-100, 99.9-100, 99.8-100 and 100 % similarity with each other for the atpD, gyrB, infB and rpoB gene sequences, respectively. The four novel isolates shared the highest level of sequence similarity with the related species K. huakuii LAM0618 T , K. massiliensis DSM 24639
T and 'K. senegalensis' JC8E: respectively 97. 5-97.8, 93.8-94.4 and 96.0-96.3 (Table S4 ). The four novel strains clustered together within the genus Kurthia (Fig. 2) , along with K. huakuii the hypothesis that the four novel strains represent a novel species in the genus Kurthia, and agrees with the 16S rRNA gene sequence analysis.
For determination of DNA base composition and DNA-DNA hybridization tests, genomic DNA was isolated and purified according to Marmur (1961) . DNA base composition was analysed using HPLC, as described by Mesbah et al. (1989) . DNA-DNA hybridization was performed using the microtitre plate method (Ezaki et al., 1989) with minor modifications (Cleenwerck et al., 2002) . The hybridization temperature was 46 8C. Reciprocal reactions (A6B and B6A) were performed for each possible DNA pair.
The DNA G+C content of the four novel strains was 42.1-42.6 %. DNA-DNA hybridization values between strain 10y-4 T and K. huakuii LAM0618 T and K. massiliensis DSM 24639
T were 58.31 and 53.92 %, respectively. This indicates that the four novel strains represent a species distinct from these other two species, because this value is clearly lower than the accepted bacterial threshold level for species delineation of 70 % (Wayne et al. 1987) .
DNA fingerprinting by amplification of repetitive elements was performed on the four novel strains. Primers REP1 and REP1 (Stern et al., 1984) were used with the PCR conditiond and cycles according to a previously described protocol (Louws et al., 1994) . The genomic fingerprints generated by the REP primers clearly demonstrate that the four novel strains did not belong to a single clone (Fig. S3 ).
MLSA constitutes a rapid and robust classification method applicable to very diverse bacterial taxa by combining the information contained in the sequences of several specific genes (Balboa & Romalde, 2013) . The four novel strains clustered together in a single clade within the genus Kurthia to the exclusion of all other taxa in all of the trees. K. huakuii LAM0618 T and K. massiliensis DSM 24639 T were the nearest neighbours in all cases. All species of the genus Kurthia consistently and exclusively formed a single clade along with the novel strains in all trees. This further supports the hypothesis that the four novel strains represent a novel species of the genus Kurthia.
In addition to phylogenetic analyses based on 16S rRNA and housekeeping genes, as well as the DNA-DNA hybridization data, the four novel strains are readily differentiated from the other Kurthia species on the basis of several phenotypic and chemotaxonomic characteristics, as shown in Table 1 and Table S2 . The four strains are clearly different from their nearest neighbours, K. huakuii LAM0618 T , K. massiliensis DSM 24639
T and 'K. senegalensis' JC8E, based on the presence of iso-C 16 : 0 . Differential characteristics between the type strain that represents the four novel strains (10y-14 T ) and related species of the genus Kurthia are listed in Table 1 . Based on the phenotypic, phylogenetic and chemotaxonomic evidence described here, the four novel strains are considered to represent a novel species of the genus Kurthia, for which the name Kurthia populi sp. nov. is proposed.
Description of Kurthia populi sp. nov.
Kurthia populi (po9pu.li. L. fem. gen. adj. populi of Populus, the poplar tree).
Cells are Gram-reaction-positive, facultatively aerobic, motile and short-rod-shaped. Colonies are milky white, opaque, circular, convex with a ragged edge, and between 1 and 1.5 mm in diameter after 48 h of growth at 30 uC. Oxidase-negative and catalase-positive. Growth occurs at NaCl concentrations of 0-4 % (w/v), at 10-45 uC and at pH 4-10, with optimal growth at 30 uC and pH 6.0-8.0. Major fatty acids are iso-C 15 : 0 and anteiso-C 15 : 0 . The polar lipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, an unknown phospholipid and two unidentified aminophospholipids. The predominant menaquinones are MK-7 (90 %) and MK-6 (10 %). The major cell-wall amino acids are lysine, alanine, glutamic acid and glycine. The DNA G+C content is 42.1-42.6 %. Of the 95 substrates in the Biolog GN2 plate, assimilates Tween 40, Tween 80, L-arabinose, D-galacturonic acid, D-ribose, D-tagatose, acetic acid, a-hydroxybutyric acid, lactamide, propionic acid and fructose 6-phosphate. In API ZYM tests, positive for alkaline phosphatase, leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase; weakly positive for esterase (C4), esterase lipase (C8) and cystine arylamidase; but negative for lipase (C14), trypsin, a-galactosidase, bgalactosidase, b-glucuronidase, b-glucosidase, N-acetylb-glucosaminidase, a-mannosidase and a-fucosidase.
The type strain, 10y-14 T (5CFCC 11600 T 5KCTC 33522 T ), was isolated from the surface of a weevil of the family Curculionidae.
